In this paper we are proposing a 2-stage wavelet based denoising technique. 
INTRODUCTION
Denoising is an important preprocessing technique in image processing, which removes the noise while preserving the image quality [8] . In order to retain the edge information and to maintain the quality of the denoised image, wavelet based decomposition [9] was introduced along with conventional image denoising [2] . For estimating the performance of this technique various wavelets and denoising techniques are applied on the standard images.
Nowadays Wavelet transforms has become a powerful computational tool and plays a significant role in image processing. DWT (Discrete Wavelet Transform) decomposes the input image into approximation and detail coefficients. In this paper, we applied the denoising techniques on these approximation coefficients and these denoised coefficients are used for the estimation of new detail coefficients (horizontal, vertical and diagonal). The denoised approximation and estimated detail coefficients are used for the reconstruction of the image. Amount of noise in this reconstructed image will be considerably less. Second stage denoising helps in further filtering of noises in the image and is shown in section 4. This estimation is done with different wavelets such as 'haar', 'db2', 'bior2.4'.
The techniques used in this paper for denoising include TV denoising [3] Split-Bregman [4] and NL-Means [5] . TV denoising is very effective denoising technique which removes the noise by solving a nonlinear minimization equation. Split Bregman is one of the fastest algorithms for solving through convex optimization. NL-means is another denoising technique based on non-local averaging of pixels. For efficient edge detection Canny [6] method proposed by John F Canny is used, which uses multi-stage algorithm.
Canny uses thresholding with hysteresis which requires two thresholds -high and low. Section 2 gives an over view of various denoising techniques. Section 3 introduces the proposed method. Section 4 discusses the results for various inputs and its quality measurements.
DENOISING TECHNIQUES

Total Variation
Total variation based filtering was introduced by Rudin, Osher, and Fatemi [3] . Total variation denoising is applicable in many digital images processing for reducing the noise. The total variation (TV) of a signal measures how much the signal changes between signal values. Total variation of an N point
For an image ( , ) u x y , then TV to be defined as,
The objective function for total variation can be defined as
Where λ is the regularization parameter, which controls how much smoothing is done. For higher values of λ denoised image is very similar to original noisy image. If it is too small value edge information cannot preserve, so we have to choose an optimum value for λ. 
Split-Bregman
Then the simplified form of Split Bregman can be given as 11 ,
, , / 2 ( ) (6)
C is a constant. 
Split-Bregman Algorithm [7]
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Non Local Means Algorithms
It is one of the denoising techniques based on non local averaging of all the pixels in the image. Noise contains both high and low frequency components. Earlier techniques focus on removing the high frequency noise at the cost of high frequency fine details of the original image. These techniques take least care in removing the low frequency noises. Nonlocal means is an algorithm that takes care of the loss of details.
The non local means algorithm considers the extensive amount of self similarity of pixels in an image [10] . Figure 1 [5] explains the self similarity of pixels in an image. Consider the pixel-points p, q 1 and q 2 and their respective neighborhood points. The neighborhoods of pixel p and q 1 are similar but that of q 2 are not similar, which means most pixels in same columns of p will have similar neighborhood as that of p. Pixels with similar neighborhoods can be used to denoised an image. The weighted intensity average of pixels with similar value provides the new denoised value.
Fig 1. Example of self similarity in an image
The continuous version of NLM can be written as 
PROPOSED METHOD
Two stage wavelet based denoising approach combines different image processing techniques, wavelet based image decomposition, edge detection, for obtaining the denoised image from the noisy image without compromising the quality of the image. Conventional TV denoising requires large number of iterations for removing the Gaussian noise. And large number of iterations will lead to more blurring of the image. In this paper since two stage denoising is employed, less number of iterations happened. At first, the denoised image is decomposed into approximation and detail coefficients using DWT. The output of the Wavelet decomposition is shown in figure 2 . The approximation coefficient contains the low frequency component and detail coefficients contain the high frequency component of the input image. One of the denoising techniques was applied with less number of iterations to the approximation coefficient. In order to get the edge information for retaining the information in the detail coefficients, the horizontal, vertical and diagonal differences of this denoised approximation image are estimated and Canny edge detection technique was used for finding the edges. Coefficients corresponding to these edge locations are retained in the detail coefficients and remaining are equated to zero. Denoised approximate coefficient and estimated detailed coefficients are used for wavelet reconstruction. This reconstructed image contains little amount of noise. Second stage denoising is used for removing this noise. Same denoising technique is used in both the stages. Block diagram for this method is shown in figure 3 . Outputs obtained in different stages of this technique are shown in figure 4 .
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